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ABSTRACT 
To evaluate differences in the overnight corneal swelling response between hydrogel toric 
and equivalent powered spherical contact lenses, 16 subjects participated in an overnight in-clinic 
test session. After 8-9 hours of sleep the mean percent central corneal swelling was 10.984% for 
the eyes wearing the toric lenses and 10.074% for the eyes wearing the spherical lenses. There 
was a statistically significant difference in the mean percent corneal swelling induced by the two 
groups (P < 0.05 one-tailed repeated measures paired t-test). Qualitative evaluations showed 
25% more striae and epithelial punctate staining in the toric group as well. These findings suggest 
that there is a corneal health basis for prescribing equivalent powered spherical hydrogel contact 
lenses rather than toric lenses to low cylinder astigmatic patients. 
KEYWORDS 
Corneal swelling, pachymetry, CIBA Focus, spherical hydrogel contact lenses, toric hydrogel 
contact lenses, oxygen transmission. 
INTRODUCTION 
When the eye is open the cornea receives its oxygen supply directly from the atmosphere. 
This oxygen is utilized mainly in the corneal epithelium and provides energy for tissue replication, 
growth, and maintenance. When a hydrogel contact lens is worn, the continuance of this normal 
corneal function depends primarily on sufficient oxygen diffusing through the lens material. Under 
closed eye conditions, such as overnight extended wear, the additional hypoxic stress leads to 
corneal swelling or edema which produces striae and folds in the posterior stroma and Descemet1S 
membrane. Other effects ofhypoxia on the cornea include epithelial microcysts; inflammation 
leading to infiltrates and neovascularization; and endothelial blebs, endothelial polymegathism and 
pleomorphism. One of the most serious effects of overnight lens wear is the increased susceptibility 
to infection and ulcerative keratitis. Reducing these effects by increasing the oxygen transmission 
of hydrogel contact lenses is a critical issue. Oxygen transmission is improved by increasing the 
oxygen permeability of the lens (Dk), which is a function of the lens material, or by decreasing the 
thickness of the lens. 
Oxygen transmission has not been the leading variable for practitioners when deciding on a 
final prescription for low astigmatic patients. Corneal cylinder amounts of one diopter or less are 
routinely prescribed by the equivalent spherical amount. The benefits of prescribing in this way 
include less materials cost for the patient and an easier fit, requiring less time for the practitioner. 
Corneal health considerations have not had an impact when deciding to prescribe equivalent sphere 
hydrogel contact lenses to low astigmatic patients, even though the toric design necessitates a thicker 
lens and obviously decreased oxygen transmission. This study is designed to show if differences 
exist in the overnight corneal swelling response between hydrogel toric and equivalent powered 
spherical contact lenses when the lens material or Dk remains constant. 
METHODS 
Sixteen subjects (10 male 6 female), ages 23 to 30 years were recruited from the students at 
Pacific University College of Optometry. Each subject was a volunteer and had given informal 
consent to participate. All but one was an experienced contact lens wearer and all had agreed to 
refrain from contact lens wear on the day of the study. Each subject participated in an overnight in-
clinic test session so that upon awakening, immediate pachymetry measurement and corneal 
evaluation could be conducted. 
The subjects arrived at the clinic between 10:00 and 11:30 p.m.. A -3.00 -1.00 x 180 Ciba 
Focus toric (vifilcon A) and a -3.50 D Ciba Focus spheric (vifilcon A) lens was randomly inserted on 
each subject in a double blind fashion . The lenses were allowed five minutes to settle. Baseline 
corneal thickness measurements were then taken using a Villasenor ultrasonic Pachymeter, Model 
number 55-1 (velocity 1650 m/sec.) All pachymetry measurements in this study were taken by the 
same observer and recorded as an average of 3 separate measurements taken trom the central cornea. 
Each subject slept in a individually prepared room for a period of 8 to 9 hours. They had 
been instructed to keep their eyes closed in the event of early waking. After at least 8 hours of eye 
closure, the subject was awakened and led to the measurement room while keeping both eyes closed. 
Corneal thickness measurements were retaken. The contact lenses were removed and 
biomicroscopy examinations were then conducted by a second observer who was also masked with 
respect to lens identity. A qualitiative assessment of striae, folds, central corneal clouding and 
fluorescein staining were compared between the fellow eyes of each subject. 
Corneal swelling was caiculated as a percent change in corneal thickness as compared with 
baseline thickness measurements: % change = (post-sleep thickness- pre-sleep thickness)/ pre-sleep 
thickness. The data were analyzed by a one-tailed repeated measure, paired t-test using the Statvue 
512 Plus Graphics program designed for the Macintosh computer. 
RESULTS 
The subjects had higher mean corneal swelling of 10.984% for the eyes wearing the to ric 
lenses than the mean of 10.074% for the eyes wearing equivalent powered spherical lenses. The 
mean difference in percent swelling change between the two lens types was statistically significant 
(P < 0.05 one-tailed repeated measures, paired t-test). 
Biomicroscopy evaluations were performed on only 12 of the 16 subjects because of an 
electrical power failure on the morning of the study. These evaluations showed a higher occurance 
of complications to the hypoxic stress in the eyes that wore the toric lenses. There were 8 instances 
( 67%) trace striae and diffuse epithelial punctate staining among these eyes as compared with 5 
similar instances ( 42%) among the eyes that wore the equivalent powered spherical lenses. 
Table 1 lists the pre and post-sleep corneal thickness measurements as well as the absolute and 
percent change data for each subject. Table 2 presents the statistical analysis of the data. 
DISCUSSION 
The objective of this study was to determine if differences exist in the overnight corneal 
swelling response between hydrogel toric and equivalent powered spherical contact lenses of the 
same material. The goal is to give practitioners more information, based on corneal health, when 
prescribing extended wear lenses to astigmatic patients. This study showed a statistically significant 
difference in the overnight corneal swelling response between the two groups, indicating that the 
difference in lens thickness between a Ciba Focus toric (-3.00 -1.00 x 180) and an equivalent 
powered Ciba Focus spherical (-3.50 D) was sufficient to produce this difference. The 
biomicroscope evaluations added qualitative support for this position. Although only 12 subjects 
were available for evaluation, there were 25% more instances of corneal complications in the toric 
group 
In this study design, one factor that was not able to be controlled was lens diameter. The 
Ciba Focus toric lenses are available only in 14.5 mm diameter, whereas the Ciba Focus spheres are 
available only in 14.0 mm diameter. The additional surface area of the toric lens probably would 
have induced some increased amount of hypoxic stress however. the amount of corneal swelling 
associated is believed to be minimal since both diameters cover the entire cornea. 
The results ofthis study support the idea that there is a corneal health basis for prescribing 
equivalent powered spherical lenses for low astigmatic patients. It would also seem reasonable to 
use caution when prescribing higher cylinder amounts on an extended wear basis. It is important to 
note that the toric corneal swelling response elicited in this study was not greater than some set 
standards for healthy lens wear. These overnight swelling responses are typical for today's extended 
and flexible wear lenses. The challenge remains for the industry to produce hydrogel contact lenses 
that promote a healthy resistant epithelium and enough oxygen transmission to keep overnight 
corneal swelling nearer to the physiological levels. 
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TABLE 1. PACHYMETRY MEASUREMENT DATA 
subject toric pre-sleep toric QOSt-sleep toric change toric % change 
1 0.749 0.825 0.076 10.150 
2 0.671 0.744 0.073 10.880 
3 0.708 0.808 0.100 14.120 
4 0.730 0.801 0.071 9.730 
5 0.763 0.814 0.051 6.680 
6 0.743 0.857 0.114 15.340 
7 0.684 0.773 0.089 13.070 
8 0.687 0.726 0.039 5.680 
9 0.692 0.794 0.102 14.740 
10 0.701 0.760 0.059 8.420 
11 0.732 0.835 0.103 14.070 
12 0.687 0.750 0.063 9.170 
13 0.725 0.820 0.095 13.100 
14 0.706 0.772 0.066 9.350 
15 0.743 0.827 0.084 11.310 
16 0.711 0.782 0.071 9.990 
subject sphere post-sleep sphere change sphere % change sphere pre-sleep 
1 0.751 0.059 8.530 0.692 
2 0.690 0.070 11.290 0.620 
3 0.762 0.100 15.110 0.662 
4 0.745 0.060 8.760 0.685 
5 0.752 0.064 9.300 0.688 
6 0.770 0.086 12.570 0.684 
7 0.721 0.075 11.610 0.646 
8 0.682 0.034 5.250 0.648 
9 0.730 0.089 13.880 0.641 
10 0.686 0.040 6.190 0.646 
11 0.757 0.078 11.490 0.679 
12 0.685 0.052 8.210 0.633 
13 0.747 0.073 10.830 0.674 
14 0.726 0.068 10.330 0.658 
15 0.732 0.055 8.120 0.677 
16 0.700 0.062 9.720 0.638 
to ric 
spheric 
mean pre-sleep 
0.715 
0.661 
DF: 
15 
TABLE 2. STATISTICAL ANALYSIS 
mean post-sleep mean change mean % change 
0.793 0.079 10.984 
0.727 0.067 10.074 
Mean X- Y: Paired t value: 
0.913 2.298 
